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A  LABORATORY  I-ETHOD  OF  EVALUATING  SLIPH2RIHESS 

1  2 

J0  Wo  Shupo  and  Wg  H„  Goats 

Currently  there  are  sections  of  pavements  in  all  classifications 
of  our  highway  system  which  are  potential  skidding  hazardso  As  the  polish- 
ing effect  of  taoffie  continues  to  increase  in  Intensity,  the  occurrence  of 
these  slippery  pavements  -will  also  tend  to  increase^  and  the  highway  engineer 
is  obligated  to  make  a  more  positive  contribution  toward  driving  safety 
than  to  acknowledge  and  identify  these  sections  of  pavement  as  "Slippesy 
When  Wet*w 

The  present  accumulation  of  knowledge,  available  to  assist  the 
engineer  in  predicting  the  anti«skid  characteristics  of  the  many  possible 
paving  mixtures*  is  rather  limited,,  In  order  to  provide  a  better  under~ 
standing  ©f  the  slipparinass  potential  of  various  highway  materials  and  to 
aid  in  the  selection  of  pavement  surfaces  which  exhibit  satisfactory  skid 
resistance*  both  initially  and  after  an  appreciable  period  of  wear*  a  method 
of  measuring  pavement  slipperine3s  in  the  laboratory  was  developed  at  Purdue 
University,,  It  was  felt  that  the  control  and  consistency  inherent  in  a 
laboratory  study  would  permit  a  more  accurate  evaluation  of  the  basic  factors 
contributing  to  skid  resistance  than  could  be  obtained  in  an  investigation 
.of  the  slipperiness  of  numerous  existing  highway  surfaces o  This  report  in- 
cludes &  description  of  ths  laboratory  skicUtest  apparatus*  the  results  of 
&  field  correlation  study,  and  a  discussion  of  the  laboratory  accelerated 
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t»ar  and  polish  procedure  for  simalatiag  the  polishing  action  of  traffic* 

XABCRATCST  SKID^IESf  APPARATUS 

The  laboratory  sk5d«test  apparatus  -rfas  designed  to  evaluate  the 
relative  skid  resistance  of  both  port2and«eeE3nt  and  bituminous  test 
specimens  molded  in  the  laboratory  or  cored  from  the  pavement  surface,  A 
schematic  diagram  of  the  skicMiest  apparatus  is  shotm  in  Figure  lo  The 
circled  numbers  listed  on  this  figure  aid  in  identification  of  the  essentia! 
features  of  the  ©quipmento  A  more  complete  discussion  of  the  sldd«test  ap- 
paratus is  presented  in  reference  (6)a 

The  6=>ino  diameter  test  specimen^  8$  rests  in  a  moldg  7&  *foieh 
is  attached  to  the  lower  shaft «  4$  and  made  to  rotate  at  a  constant  angular 
speed  of  250G  rpmp  with  the  po^er  supplied  by  a  4&»hp  electric  motors  1« 
During  testing  a  rubber  shs©^  9$  which  i3  illustrated  in  Figure  29   is  forced 
against  the  rotating  specimen  with  a  unit  pressure  of  28  psi^  and  the  torque 
developed  in  the  top  shaft  is  a  neasure  of  the  skid  resistance  of  the  test 
specimen*  This  torque  is  reacted  by  a  cantilever  beamy  18$  on  vjhlch  are 
mounted  two  Baldwin  SB=&  strain  gages  0  The  torque  developed  in  the  top  shaft 
results  in  a  bending  moment  in  the  bea%  causing  a  change  is  resistance  in 
the  strain  gages,  which  is  transmitted  to  the  strain  analyzer^  21$  resulting 
in  a  pen  deflection  in  the  automatic  recorder,  22« 

Typical  oscillograms  of  three  test  specimens  are  illustrated  in 
Figure  3«  The  skid  resistance  of  each  of  the  surfaces  is  represented  h^  a 
numerical  value  called  the  relative  resistance  value  (RW)0  This  skid»test 
apparatus,  like  most  of  the  methods  for  determining  the  anti«ekid  characteris- 
tics of  test  surfaces^  evaluates  the  different  surface  types  on  a  relative 
basis*  No  effort  was  made  to  convert  this  reading  to  a  coefficient  of  friction© 


I         .i    II  r ^ y_y 


FIG.  I       SCHEMATIC    DIAGRAM  OF  LABORATORY 
SKID- TEST    APPARATUS 
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FIG.  3        OSCILLOGRAMS    FROM    THE 
LABORATORY   SKID-TEST  APPARATUS 


Sirica  previous  research  (%   4)  ha3  indicated  that  Kentucky  rock  asphalt 
surfaces  consistently  exhibit  excellent  skid  resistance  when  vjet,  test 
specimens  composed  of  this  material  vjere  used  for  the  reference  anti-skid 
surface,,  Vflien  the  attenuation  in  the  analyser  las  adjusted  to  give  a  pen 
deflection  of  eight  small  divisions  due  to  the  calibration  resistance^  a 
pen  deflection  of  approximately  five  of  the  major  divisions  resulted  from 
the  skid  resistance  generated  by  a  Kentucky  rock  asphalt  specimen,,  By 
arbitrarily  assigning  a  value  of  unity  (l0OQ)  to  the  resistance  developed 
by  Kentucky  rock  asphalt,  the  relative  resistance  values  of  the  other  sur« 
face  types  could  be  determined  to  the  nearest  QeGQU  The  three  surfaces 
represented  in  Figure  3  gave  an  HRV  of  l^COU,  0o66s  and  0oX%   respectively0 
As  shown  in  Figure  %   each  specimen  was  subjected  to  two  3=3©e  skids^  and 
the  second  skid  vas  used  in  evaluating  the  skid  resistances  The  trace  for 
the  second  skid  was  usually  sufficiently  stable  to  accurately  determine  the 

BffiT,  whereas  during  the  first  skid  the  trace  was  frequently  errati«0 

All  tests  were  performed  with  the  surface  in  a  vet  conditiono 
As  illustrated  in  Figure  1$  water  was  admitted  to  the  specimen  through  a 
flexible  line,  13y  and  after  passing  through  the  hols  located  in  the  center 

of  the  testing  shoe,  flowed  over  the  surface  of  the  specimen  through  the 
slots  provided  in  the  shoe0  A  shield  of  ^»inch  steel  plate,  16,  was  pro» 
vided  to  catch  the  water  and  to  prevent  possible  damage  to  equipment  or 
personnel  from  flying  particles 0 

Briefly  summarising  the  test  procedure  *  1«  The  motor  is  turned 
0%  causing  the  specimen  to  rotate  at  2500  rpasg  2C  The  water  valve  is  opened 
and  the  recording  equipment  started  to  establish  Jh&  sero  reading  on  the 
oscillogram!  3o  The  weight,  24*  is  lowred  manually  to  allow  a  40&-lbo 
force  to  bear  on  the  test  specimen  for  two  3-second  periods^  during  which 


the  akid  resistance  is  automatically  recorded)  and  4o  The  wight  is  secured 
and  the  water*  recording  equipment,  and  electrio  motor  turned  off o  The 
total  time  required  per  test  is  approximately  15  seconds  0 

FIELD  COHREIATIGN  STUDY 

A  field  correlation  study  was  performed  to  compare  the  laboratory 
sktd»test  apparatus  method  of  evaluating  skid  resistance  with  the  results 
obtained  by  the  passenger  car  stopping-distance  test  equipment  developed 
by  the  Joint  Highway  Research  Project  of  Purdue  University  (3)c  Seventeen 
bituminous  and  nine  portland-cement  concrete  sections  were  tested  in  the 
wet  condition  by  locking  the  brakes  of  a  passenger  car  at  an  Indicated  speed 
of  30  mph  and  measuring  the  total  distance  required  to  skid  to  a  stop  on  the 
wet  pavement  o  Cores  were  then  obtained  from  each  test  section  and  their  re- 
lative resistance  values  vers  determined  in  the  laboratory  skid-test  ap- 
paratus,, No  systematic  sampling  was  made  with  regard  to  selecting  sections 
having  comparable  traffic  and  age,  so  no  conclusions  should  be  drawn  on  the 
basis  of  these  limited  data  as  to  the  relative  skid  resistance  of  the  vari- 
ous surface  types* 

The  26  different  surfaces  were  grouped  into  six  general  classifi- 
cations t  lo  Kentucky  rock  asphalt)  2»  Portland-cement  concrete)  3»  Gravel 
asphaltic  concrete)  4°  Gravel  surface  treatment)  5o  Limestone  asphaltia 
concrete)  and  60  Limestone  surface  treatmento  The  results  of  the  comparison 
of  the  field  and  laboratory  methods  of  evaluating  skid  resistance  are  sum- 
marized in  Figure  4o  Relative  resistance  values  are  plotted  along  the  ordinate 
with  stopping  distances  indicated  along  the  abscissao  Bach  plotted  point 
represents  the  average  stopping  distance  of  three  locked-wheel  tests  per- 
formed on  the  highway,,  and  the  average  RR7  for  three  cores  obtained  from  each 
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FIG.  4      COMPARISON     BETWEEN    FIELD  AND 

LABORATORY     SKID  "TEST    MEASUREMENTS 


test  section  and  evaluated  in  the  laboratory  skid-teat  apparatus  0 

There  was  fairly  good  agreement  between  the  field  and  laboratory 
methods  of  evaluating  skid  resistance  „    In  general^  the  fine-teacfcured  surfaces 
exhibited  relatively  higher  skid-resistance  values  when  measured  by  the 
laboratory  procedure  aa  compared  to  the  field  evaluation,  while  for  the 
ccarss-textured  surfaces  the  reverse  was  true*  The  probable  reasons  for  this 
apparent  discrepancy,  as  well  as  for  the  lack  of  linearity  between  the  field  and 
laboratory  methods  of  evaluation,  pertain  to  the  amount  of  water  present 
on  the  surface  and  to  the  relative  speeds  between  the  surface  and  sliding 
rubber  during  testingo  The  2aboratory  equipment  measures  the  degree  of 
slipperiness  at  a  constant  relative  speed  of  30  mph  between  the  shoe  and 
surface  at  the  mean  radius  of  the  area  of  contact,  while  the  stopping** 
distance  method  determines  an  integrated  average  skid  resistance  over  the 
entire  speed  range  from  the  point  at  which  the  brakes  are  initially  applied 
until  the  vehicle  skids  to  a  oomplata  stop0  It  was  felt  that  the  labora» 
tory  apparatus  would  have  shown  somsc&at  better  correlation  with  a  towsd*» 
vehicle  type  of  field  test  (*>g  &)  than  with  the  stopping«distanae  method 
butg,  unfortunately^  such  a  unit  was  not  available  for  this  study  0 

A  detailed  discussion  of  factors  contributing  to  the  variation 
between  the  results  obtained  with  the  field  and  laboratory  methods  of  eval°> 
uating  slipperiness  is  presented  in  reference  (6)0  A  consideration  of  these 
factors  lad  to  the  conclusion  that  such  discrepancies  as  exist  tend  to  favor 
the  laboratory  method  as  giving  a  more  realistic  evaluation  of  the  slipperiness 
of  wet  pavement  surfaces  than  the  stopping-distance  method  for  speeds  of  30  mph 
and  upward,  and  that  the  laboratory  skid«test  apparatus  is  entirely  satisfactory 
for  a  laboratory  study  of  factors  affecting  the  skid  resistance  of  both  port- 
land<=cemeat  and  bituminous  paving  mixtures*, 
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THE  STANDARD  LABORATORY  SPECIMEN 
The  primary  consideration  in  forming  a  laboratory  test  specimen 
was  to  arrive  at  a  surface  condition  which  was  representative  of  the 
texture  that  a  similar  mix  would  exhibit  on  a  highway  aurfaeeo  Although 
for  bituminous  specimens  the  mixture  had  to  possess  sufficient  surface 
durability  to  prevent  disintegration  under  the  severe  action  of  the  wearing 
procedure,  which  is  discussed  subsequently,  stability  and  durability,  as 
such,  were  not  considered  essential  to  a  study  of  pavement  slipperiness, 
and  no  measurements  of  these  properties  were  madso  For  both  portland-eement 
and  bituminous  specimens,  the  main  criterion  was  the  simulation  of  highway 
surface  textureo  To  facilitate  a  comparison  of  the  polishing  characteris- 
tics of  the  various  aggregates,  each  of  the  standard  test  specimens  was 
composed  entirely  of  one  aggregate  typso 

Asphaltic  Concrete 

The  standard  laboratory  aaphaltic-eonerete  test  specimen  con- 
tained 4o5  percent  of  85/100  penetration  grade  asphalt  cement,  based  on  the 
total  weight  of  the  mix©  This  asphalt  content  represented  the  best  compro- 
mise between  a  leaner  mix,  in  which  the  low  asphalt  content  contributed  to 
p©cs>  durability  during  the  wearing  procedure,  and  a  richer  ndx,  in  which 
the  excess  of  asphalt  obscured  the  polishing  characteristics  of  the  aggregate; 
Th&  aggregate  gradation  conformed  to  the  specifications  of  the  State  Highway 
Department  of  Indiana  for  Asphaltic  Concrete-Type  B,  and  is  listed  in  Table  lo 

In  preparing  the  laboratory  specimens,  the  aggregate  was  separated 
into  the  various  sieve-size  fractions  and  recomhined  to  the  desired  propor- 
tionso  The  asphalt  and  aggregate  were  heated  separately  to  300  *  10  F,  mixed 
for  2  minutes  in  a  Hobart  electric  mixer,  placed  in  a  6-ino  diameter  mold. 
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TABLE  1 
Aggregate  Gradatioa  for  Standard  Laboratory  Specimens 


Passing 
Slew 

Retained 
on  Sieve 

Asphaltig 
Conerete 

Portland 

Cement 

Concrete 

1/2  in 

3/8  in 

22 

25 

3/8  in 

Hoc,  4 

36 

25 

m0  4 

N©j  8 

20 

T 

He*  8 

Noo  16 

11 

12 

Noo  26 

H®o  30 

22 

12 

K©o  30 

Ma*  50 

12. 

13 

Roo  $0 

»0e  100 

J 

6 

N®o  100 

Noo  200 

2 

0 

N©o  200 

Fan 
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and  vibratsd  for  one  Minute  with  a  Cleveland  pneumatic  vibrator*  The  re~ 
suiting  specimen,  composed  of  a  fairly  ©pen=graded  asphaltic  concrete  with 
the  asphalt  content  kept  intentionally  low  to  emphasize  the  aggregate  eon- 
tribution  to  the  polishing  characteristics  of  the  mixture,  was  then  ready  for 
rolling  as  the  initial  step  in  the  wear  £nd  polish  proeedureo 

Port  land  Cement ,  Co  i  sr  ete 

The  standard  portland-cement  concrete  specimen  was  composed  of  a 
fairly  well-graded  aggregate  with  a  high  cement  factor  and  sufficient  water 
to  result  in  a  slump  of  approximately  1  to  2  Incheso  The  aggregate  gradation 
is  listed  in  Table  lo  Type  I  cement,  without  air  eotrainment,  was  used  at 
the  rate  of  320  grama  of  cement  for  the  1660  grams  of  aggregate  contained  in 
each  specimen* 

The  aggregate  was  mixed  for  30  seconds  in  a  Hobart  electric  mbcero 
The  cement  was  added  and  the  mixture  was  dry=aiixed  for  another  30  seconds^with 
an  additional  2  minutes  of  mixing  after  the  water  was  combined  with  the  dry 
ingredients..  The  batch  was  then  placed  in  a  removable  mold,  redded  2$  times 9 
and  allowed  to  set  for  4  hcur&'o  It  was  then  brushed  lightly  with  a  whisk  broom 
to  accomplish  an  Initial  "sandpaper"  texture,  coist-curcd  for  20  hours „ 
removed  from  the  mold,  and  pieced  in  a  140  F  water  bath  for  6  dayso 

After  the  specimen  was  removed  from  the  bath  it  was  mounted  in  a 
standard  testing  mold  in  the  same  manner  in  which  samples  cored  from  the 
pavement  were  prepared  for  testingo  A  paste  consisting  of  three  parts  of  type 
I  portland  cement  to  one  part  plaster  of  Paris  9  with  sufficient  water  to  pro- 
vide adequate  workability,  was  used  in  mounting  the  spscimenso  After  the 
paste  had  set  the  specimen  wa3  ready  for  the  initial  skid  teste 
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ACCELERATED  WEAR  AND  POLISH  PROCEDURE 
la  developing  a  laboratory  accelerated  wear  and  polish  procedure,, 
the  primary  criterion  for  each  test  specimen  was  to  duplicate,  as  nearly  as 
possible,  the  surface  characteristics  that  a  similar  mix  would  exhibit  after 
an  appreciable  amount  of  highway  service  under  the  action  of  heavy  traffics 
The  procedure  and  associated  instrumentation  for  simulating  the  polishing 
effect  of  traffic  on  both  portland°@ement  and  bituminous  surfaces  evolved 
after  investigating  different  methods  of  polishing  using  over  130  test  spe©i- 
meneo  The  procedure  established  for  bituminous  mixtures  probably  results  in 
a  closer  simulation  of  surface  texture  between  the  field  and  laboratory  specie 
mens  than  is  accomplished  with  the  portland~cement  specimens© 

Asphaltic  Concrete 

It  was  originally  intended  to  polish  the  bituminous  specimens  in 
the  skid-test  apparatus  itself o  Referring  again  to  Figure  19   this  was  ac- 
complished by  putting  a  charge  of  abrasive  material  in  the  turbulence  chamber 9 
14o  The  inlet  pipe  to  the  circular  chamber  was  brazed  on  at  an  angle  of  45 
degrees  to  the  tangent  and,  as  the  water  swirled  into  the  chamber,  it  agitated 
the  abrasive  into  suspension  and  carried  it  down  the  outlet  line  directly 
onto  the  specimen*  A  rubber  polishing  shoe  similar  to,  but  of  a  harder  com- 
pound than,  the  testing  shoe  was  used  in  the  wearing  operationo 

By  adjusting  the  abreeive  and  the  contact  pressure  to  keep  from  over«= 
heating  the  polishing  shoe,  it  was  possible  t©  grind  the  specimsn  dowsa  to 
essentially  a  level  dattaa  planeo  However,  there  was  little  similarity  be= 
tween  the  surface  texture  of  the  resulting  specimen  and  that  ©f  a  similar 
mixture  existing  on  the  highway.  In  contrast  to  the  laboratory  specimens, 
well=wora  sections  of  bituminous  pavement  exhibited  a  texture  in  which  the 


»©iaewhat  rounded  and  highly-polished  coarse  aggsregate  projected  ©lightly 
above  the  surrounding  matrix  of  asphalt  and  fine  aggregate-  This  condition 
could  not  be  simulated  merely  by  grinding  down  the  specimen 5 

In  order  to  achieve  the  aggregate  orientation  that  exists  on  a 
highway  surface,  the  conical  rollers,  illustrated  in  Figurs  5a ,  were  devel- 
oped t©  supply  the  soiling  action  that  a  surface  receive®  frost  traffic  Fig* 
ure  5fe  shews  a  specimen  being  rolled  at  33  rpm  in  a  Minitrack  apparatuso  Th* 


Minitrack  was  built  sons  years  ag@  for  i 

mens  on  a  circular  track  -with  a  small  r* 
was  necessary  to  adapt  the  existing  equi 
specimen©  Rolling  with  this  equipment  i 
specimen,  with  the  coarse  aggregate  bec< 


pment  to  accommodat 
■eeulted  in  a  densiJ 
odng  ucBBwhaH  mors 


it  modification 
eWino  diameter 
n  of  the  test 
tent  at  the 


\t  post  was  locate 
!ielent  confinement  to 


jccessive  ahisving 
a  realistic  test 


surface  than  was  noted  at  t 
lust rat ed  in  Figure  $a  a  ec 
the  rollers,  and  provided  e 
»f  the  mixture,  without  sacrificing  an  adequate  amou 

Another  operation  which  seemsd  to  aid  in  d 
specimen  was  to  polish  the  specimen  at  33  rpm  in  the 
conventional  polishing  shoe,  previously  described,  m 
pended  in  water  as  an  abrasive c  This  operation  poli 
slightly  and  also  appeared  to  erode  away  some  of  the  surrounding  matrix  of 
fin©  aggregate  and  asphalts©  that  the  resulting  surface  closely  approximate 
that  of  a  specimen  cored  from  the  highwayc 

A  final  rolling  of  the  specimen  gave  a  r^ry  light  aephalt  coating 
to  the  aggregate  Although  this  treatment  did  not  exactly  duplicate  the  oil 
"drippiiige8w©rn  rubber,  and  debris  film  that  accumulates  on  sane  highways 


limestone 
e  <poars 
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during  certain  seasons  of  the  year  (  1„  5),  the  skid  resistance  for  this 
final  condition  was  indicative  of  the  susceptibility  of  different  surfaces 
to  this  seasonal  effecto 

The  rather  complicated  wear  and  polish  procedure  as  finally  evolved 
consists  of  the  following  steps t 

lo  The  specimen  is  rolled  for  2  rain  at  140  F  in  the  Miniiraek  at 
33  rpm  with  a  total  load  on  the  two  rollers  of  100  Ibo 

2o  The  eoarse=vear  cycle  occurs  in  the  skid-test  apparatus  at 
2500  rpm  with  a  contact  pressure  of  5  peio  Each  specimen  is  subjected  t@ 
three  wear  series? 

a)o  300  g  of  #3/0  crushed  quarts  for  1  min0 
b)o  500  g  of  #5/0  crushed  quarts  for  1  ndno 
c)o  400  g  ©f  limestone  filler  for  1  mino 
3c  Aggregate  orientation  and  surface  texture  are  developed  in  the 
Minitraek  at  33  rpm  as  follows  * 

a)0  2  min  rolling  at  140  Fo 
b)o  10  min  wear  with  limestone  filler* 
ko     A  fine-polish  cycle  is  given  the  specimen  in  the  skid~test  ap- 
paratus at.  2500  rpm  in  three  additional  series: 

a)o  250  g  limestone  filler,  30  sec*  1$  psi  contact  pressure* 
b)o  250  g  limestone  filler 0  30  se©9  2d  psi  contact  pressur»o 
©)o  No  abrasive,  30  sec9  28  psi  contact  pressures 
§0  The  final  operation  is  to  coat  the  surface  aggregate  with  a 
light  asphalt  film  by  rolling  at  240  F  for  1  ndno 

Figure  6  illustrates  the  variation  in  skid  resistance  that  a 
bituminous  test  specimen  experiences  during  the  entire  wear  and  polish  pr®= 
cedureo  The  top  curve  is  for  a  specimen  made  with  sandstone,  and  illustrates 
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the  relatively  high  resistance  to  polishing  of  bitussinous  mixtures  composed 
of  this  aggregates  fhs  middle  curve  is  for  a  specimen  containing  rhyolite 
ishicfc  esthibits  appreciable  less  resistance  to  polishing  than  the  speci&sn 
composed  of  sandstone e  The  bottom  curve  represents  the  results  for  a  gpeci~ 
sen  made  frea  oolitic  limestone,  which  possessed  very  little  resistance  to 
polishing© 

Ihe  five  points  plotted  for  each  of  the  aggregates  in  Figure  © 
correspond  to  a  specific  position  in  the  Taear  and  polish  procedure©  The 
initial  relative  resistance  values  were  obtained  after  the  specimen  had  been 
vibrated  for  a  minute  and  allseed  to  cool©  The  other  four  points  correspond,, 
respectively,  to  values  determined  immediately  following  initial  rolling,  coarse 
polish^  fine  polish,  and  final  rolling©  In  comparing  the  polishing  eharse= 
teristics  of  the  different  specimens,  the  results  obtained  at  the  completion 
©f  fine  polishing  (Wear  ey@le  N©o  3  of  Fig©  6)  are  probably  the  most  sig= 
nificanto  At  this  point  in  the  wearing  procedure  the  test  specimen  exhibits 
a  clean,  smooth  surface  with  a  testurs  similar  to  that  of  a  well=wora  bi=- 
tussineus  pavement©  Figure  7&  indicates  the  appearance  of  a  typical  limestone 
epeciiaen  after  the  fia©=polish  eyele© 

Pogtland-=-Ceraent  Concrete 
Subjecting  a  portland-eement  concrete  specimen  to  the  entire  wear 
and  polish  procedure  used  for  bituminous  specimens,  only  resulted  in  a  slight 
amount  of  wear  of  the  fine=aggregate  mortar  and  failed  to  expose  an  appreciable 
quantity  of  coarse  aggregate©  fo  obtain  a  ecEqaarison  of  the  anti^skid  charac^ 
teristics  ©f  different  pssrtla&d^csment  mixes  it  was  necessary  to  subject  the 
epsciasna  to  a  score  severe  wearing  procedure  than  had  been  used  for  asph&ltie 
cone  "eteo 
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The  modified  wear  and  polish  precede©  for  portland<=eeKent  concrete 
is  as  follows j 

lo  The  mortar  is  exposed  to  polishing  by  subjecting  the  concrete 
specimen,  with  a  lightly-brushed  "sandpaper"  surface,,  to  the  entire  wear 
and  polish  procedure  used  for  bituminous  mixtures,  with  the  following  ex~ 
ceptions: 

&)o  Both  rolling  operations  are  omitted© 

b)o  For  the  coarse=wear  cycle,  contact  pressure  is  15  psi© 

e)o  For  the  fine=polish  cycle,  contact  pressure  is  28  p@i© 

2o  To  accomplish  aggregate  exposure,  the  top  1/4  inch  of  the  speel= 
men  is  sawed  off  with  a  masonry  saw  equipped  with  a  diamond  bl&deo 

3o  The  total  wearing  procedure,  to  which  the  specimen  was  sub= 
jected  prior  to  sawing,  is  again  given  the  sawed  face  to  subject  the  ex= 
posed  mortar  and  aggregate  to  a  polishing  action© 

Figure  7b  illustrates  the  appearance  of  a  portlaad-cemenfc  concrete 
specimen  containing  traproek  at  the  completion  of  the  total  wearing  procedure 
on  the  sawed  specimen©  Figures  8s  and  8b  are  of  two  concrete  specimens 
containing  oolitic  limestone  in  the  "prior  to  polishing"  and  the  "mortar 
polished"  condition©  The  variation  in  skid  resistance  corresponding  t© 
these  three  conditions,  ia®«>  ps^-0^  to  polishing,  mortar  polished,  and  ag= 
gregate  polished,  are  shown  in  Figure  9  for  the  same  three  aggregates  con- 
tained in  the  bituminous  specimens  of  Figure  6o  Except  for  the  initial  con= 
dition,  the  relative  resistance  to  polishing  of  the  three  aggregates  is  the 
same  for  both  pcrtland=cement  and  bituminous  mixtures© 

It  is  doubtful  if  the  texture  ©f  a  portland-cement  concrete  speei= 
men,  which  is  sawed  and  worn  to  the  "aggregate-polished"  condition,  simulate® 
the  texture  of  a  highway  section  as  closely  as  either  the  bituminous  specimens 
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©r  th9  portlancWcement  specimens  for  the  initial  and  "mortar-polished* 
conditions^  In  a  fairly  extensive  examination  of  portland-cemwnt  concrete 
highways  in  Indiana,  scone  of  which  were  over  30  years  old,  not  a  single 
section  of  pavement  was  observed  that  exhibited  as  much  coarse  aggregate  ex= 
posure  as  is  shows  In  Figure  7b,  except  where  scaling  or  spalling  occurred 
Mast  of  the  highways  had  a  texture  similar  to  the  mortar-polished  condition 
of  Figure  8b,  and  on  a  few  of  the  oldest  sections  the  original  finishing 
marks  were  even  discernibleo  However,  if  extremely  high  traffic  is  anti- 
cipated, tills  final  condition,  which  is  representative  of  the  pavement  after 
an  appreciable  area  of  the  coarse  aggregate  is  exposed  to  traffic,  may  be 
somewhat  more  realistic 

CONCLUSION 

The  laboratory  skid-test  apparatus  has  operated  satisfactorily 
for  15  months,  while  the  wear  and  polish  procedure  has  been  in  use  for  about 
9  monthso  Current  or  completed  research  with  this  equipment,  some  of  which 
is  reported  elsewhere  in  the  Proceedings  (?),  includes  a  study  of  the  polishing 
characteristics  of  mineral  aggregates  in  both  portland^cement  and  bituminous 
mixtures;  the  effect  of  surface  texture  and  initial  aggregate  shape  on  the 
skid  resistance  of  bituminous  mixtures;  the  anti-skid  properties  of  various 
fine-grained  non-skid  surface  treatments?  and  the  effect  of  blending  a  polish- 
resistant  material  with  a  polish-susceptible  aggregate  in  improving  the  skid 
resistance  for  both  portland-cemant  and  bituminous  paving  mixtoreso 

The  equipment  has  exhibited  excellent  reproducibility  in  obtaining 
test  resultso  Initially  three  replicate  specimens  were  molded  for  each  test 
series,  but  due  to  the  small  variation  in  test  values  of  the  three  specimens, 
the  number  per  series  has  been  decreased  to  one  for  the  recent  studieso 
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In  developing  this  equipment  every  effort  was  made  to  simulate 
the  envelopment  of  the  components  of  a  highway  surface  by  the  sliding  rubber 
tire  which  occurs  when  a  driver  attempts  an  emergency  stop  on  a  wet  pave- 
ment at  normal  driving  spsedo  The  high  relative  speed  between  the  testing 
©hoe  and  the  test  sp3Cim@n9  the  rubber  compound^  the  28  psi  unit  pressure  0 
and  t  he  simulated  tread  pattern  of  the  testing  shoe  were  all  selected  to  en= 
courage  the  type  of  contact  which  occurs  between  a  wet  pavement  surface  and 
a  sliding  passenger-ear  tire  with  a  normal  tread  patterao 

It  was  not  the  intention  to  have  the  standard  wear  and  polish  pro- 
cedure, for  either  the  portland-cement  or  the  bituminous  specimens e  result 
in  the  ultimate  slippery  condition  for  all  surface  typeso  It  was  felt  that 
holding  the  wearing  effort  constant  would  result  in  a  relative  measure  of  the 
resistance  to  polishing  of  the  different  paving  iiaixteres  that  would  be  more 
realistic  than  subjecting  each  of  the  specimens  to  sufficient  polishing  to 
cause  it  to  arrive  at  its  most  slippery  conditiono 

Tbs  laboratory  testing  equipsasnt  and  procedure  a&y  be  used  in  either 
of  two  ways  in  predicting  the  anti-skid  characteristics  of  paving  mixtureso 
The  moat  direct  approach  is  to  duplicate  the  proposed  mixture  in  th©  laboratory, 
subject  it  to  the  accelerated  wear  and  polish  procedure,  and  observe  the 
resistance  of  the  mixture  to  polishingo 

Ths  second  approach,  which  is  somewhat  more  basic 9  is  to  use  the 
equipment  to  evaluate  the  skid-resistant  contribution  of  each  of  the  many 
variables  on  which  pavement  slip^riness  is  dependent*.  If  a  weighted  factor 
can  be  assigned  to  such  variables  as  aggregate  texture  or  particle  shape 9  an 
eetissate  of  the  skid  resistanee  of  the  mixture  may  be  possible  by  summing 
the  effect  of  the  component  parts*  Petrographic  and  chemical  analyses  may 
help  in  establishing  the  effect  of  the  basic  aggregate  properties  on  the 
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polishing  characteristics  of  paving  mixtureso  Other  measuring  tools  and 
additional  research,  are  required  along  this  line,  but  the  baai®  approach 
appears  to  hold  mush  promise  in  explaining  variations  in  resistance  to 
skidding© 

In  either  cape,  however,  a  laboratory  procedure  for  pretesting 
the  skidding  potential,  of  highway  materials  will  aid  the  engineer  in  pre=> 
dieting  the  anti=skid  characteristics  of  a  proposed  pavement ,  and  will  per- 
mit the  inclusion  of  skid  resistance  as  an  additional  design  parameter  in 
selecting  a  suitable  paving  mixtureo 
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